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DR. W. J. SPILLMAN 
1863-1931 


Figure 1 


The discoveries with respect to transmission of parental characters in wheat hybrids which 
Spillman published in 1901 have linked him with Mendel and his re-discoverers as one of the 
pioneer founders of genetics. He himself claimed “only to have discovered the fact that in the 
second generation of a hybrid every possible combination of the original parent character oc- 
curred.” (Photograph from the collection of Dr. E. F. Gaines.) 
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DR. W. J. SPILLMAN’S DISCOVERIES 
IN GENETICS 


An Evaluation of His Pre-Mendelian Experiments With Wheat* 


L. P. V. JoHnson 
Department of Agronomy, State College of Washington, Pullman, Wash. 


from time to time which credit the 
late Dr. W. J. Spillman with the 
independent discovery, completely or in 
part, of the mendelian laws of heredity. 
The following are quoted as examples: 

[Spillman] . . . independent discoverer of 
Mendel’s Law of Recombination, 1901 . . .5. 

In the history of genetics the name of Spill- 
man should be placed with those of De Vries, 
Correns and Tschermak — who rediscovered 
Mendel’s laws of heredity . . .1. 

These and similar statements have not 
been supported by adequate discussion 
of Spillman’s work which was reported 
in what is, from the standpoint of genetic 
literature, an obscure publication.? This 
has tended to create an impression that, 
in eulogizing the man, Dr. Spillman’s 
associates may have over-emphasized 
the importance of this part of his work. 
The objective of the present article is to 
present a critical genetical analysis of 
Spillman’s report with the view of evalu- 
ating the significance of his contribution 
on a sound, documented basis. 

In November, 1901, in the capacity of 
Agriculturist of the Washington (state) 
Agricultural Experiment Station, Dr. 
Spillman presented a paper, “Quantita- 
tive Studies on the Transmission of Par- 
ental Characters to Hybrid Offspring.’ 
This was read to the Eleventh Annual 
Convention of the Association of Ameri- 
can Agricultural Colleges and Experi- 
“ws Stations, meeting at Washington, 

Since the date of this meeting was 
about a year and a half after the redis- 
covery of Mendel’s laws of inheritance,? 
the question arises as to whether Men- 
del’s work was known to him. Neither 


G have been made 


Spillman, nor any of the prominent plant 
breeders, including Willet M. Hayes 
and M. A. Carlton, who attended the 
session and discussed this paper made 
any mention of Mendel. Hence the as- 
sumption seems fully justified that Men- 
del’s discovery was at that time unknown 
to Spillman and to his confreres. 

In evaluating Spillman’s work, it is 
essential that his experiments be criti- 
cally examined as to the adequacy of 
approach and scope, the accuracy of 
pedigree records and of observation and 
classification of characters, and the 
soundness of data analysis—all viewed 
in relation to the fundamental issue: 
how closely did he approach, and by 
how much did he miss, an independent 
discovery of the laws of heredity? 


The Hybrids 


Spillman’s primary objective was a 
practical one: the development by hy- 
bridization and selection of improved 
wheat varieties for eastern Washington. 
He definitely recognized that this prac- 
tical objective might be better and more 
quickly achieved if he possessed a 
knowledge of “certain quantitative laws 
[which] govern the transmission of par- 
ental characters to hybrid offspring.” 
Parental materials included both winter 
and spring wheats which collectively dif- 
fered in respect to the following morph- 
ological characters : 

length of head 
bearding 

chaff color 
chaff pubescence 

In his report it will be noted that 
Spillman’s work had been under way 


*Published as Scientific Paper No. 789, College of Agriculture and Agricultural Experiment 
Stations, Institute of Agricultural Sciences, State College of Washington, Pullman, Wash. 
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MILL AM JASPER SPILLMAN 
863-1930 


Professor 


Ag ulture in this College 


from 1804 throu ah 1901 ~ originated the 


hirst hybrid wees grown in the Inland 
Empire - and independently rediscovered 


_Mendel’s Law of Recombination 


‘His ashes’ “and those of his wife 


rest near the boulder which marks the. 
of his experimental plots” 


COMMEMORATIVE PLAQUE 
Figure 2 


This plaque commemorating Dr. Spillman’s achievements hangs in James Wilson Hall in 
the State College of Agriculture at Pullman, Washington. 


barely two years when the results were 
published. He has this to say* about his 
experiments : 

Beginning in 1899, we made 14 crosses, 
securing, in most instances, several grains of 
each cross. From these grains 215 mature 
plants were harvested in 1900. With a few 
exceptions noted below, those plants of the 
same breeding were similar and intermediate 
in character between the parent forms. A 
head from each was preserved for future ref- 
erence, the remainder of the seed being sown. 
The seed of each plant was kept separate, 
thus giving 215 plats. Of these, 149 proved 
to be true hybrids; the remainder were iden- 
tical with the female parent, thus showing 
that the flowers had been self-fertilized. This 
is made evident by the results below. 

In each case one of the parents was of 


the club type (Triticum compactum), the 
other of the common type (7. vulgare). As 
above stated, no important variations occurred 
in the first generation except as noted below; 
but when the heads appeared on the second 
generation, a remarkable state of affairs was 
seen to exist. At first glance it appeared that 
each of the hybrids had split up into all sorts 
of types. But closer inspection showed that 
in every case but one, which is noticed later, 
the forms in each plat’ were simply combina- 
tions of the characters of the parent forms. 
Further inspection revealed the fact that in 
plats of similar breeding exactly the same 
types were present. This suggested the idea 
that perhaps a hybrid tended to produce cer- 
tain definite types, and possibly in definite 
proportions. Accordingly, all the hybrid plats 
were assorted into types, and the proportion 


= 
MATTIE RAMSAY SPILLMAN 
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HISTORIC GROUND 


Figure 3 


The Spillman memorial stone marking the location of Dr. Spillman’s plant breeding plats 
on the Agricultural Experiment Station of the State College of Washington, Pullman, Wash- 
ington. Over this ground the ashes of Dr. Spillman and his wife were scattered. 


of each type determined. When these results 
were classified, they confirmed the above sug- 
gestion; and if similar results are shown to 
follow the crossing of other groups of wheats, 
it seems entirely possible to predict, in the 
main, what types will result from crossing 
any two established varieties, and approxi- 
mately the proportion of each type that will 
appear in the second generation. With the 
exceptions already referred to, the second 
generation consisted of the two parent types 
and of all the intermediate types possible be- 
tween them. For instance, when one parent 
had long, bearded heads, and the other short, 
beardless heads, the plat could be divided in- 
to 6 types; 2 of these had long heads like 
one of the parents, 2 others short heads like 
the other parent, and 2 were intermediate; 
and one each of these 3 groups had beards, 
while the other had none. In some of the 
crosses the parent of the common form had 


velvet chaff, but no beards. Here a similar 
set of 6 types appeared, the velvet replacing 
the beards. When one parent had velvet 
chaff of dark brown color, 12 types were pos- 
sible, and were actually found; 6 of these 
were similar to the 6 above, and the 6 others 
were like them except that they had brown 
chaff. As might be expected, many plants oc- 
curred more or less intermediate between 
these types, and it required considerable care 
to assort the types satisfactorily. From this it 
seems that Nigeli’s statement that 3 types 
tend to occur, 2 like the parent forms and 1 
intermediate between them, is hardly broad 
enough to fit the facts in the case. 

Here Spillman gives two footnotes: 
one refers to Sachs’ “Physiology of 
Plants” as the source of Nageli’s state- 
ment; the other gives credit to Prof. E. 
E. Elliott and Mr. H. F. Blanchard for 
assistance in “assorting” the plats. 


j F 
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F, Phenotypes 


There follow references to fourteen 
tables of F2 phenotypic data (expressed 
as percentages) and to fifty-six frequen- 
cy polygons which present graphically a 
part of the tabulated data. 

Seven of the tables present dihybrid 
data involving 1:2:1 segregation for 
long (1),* semi-long (s/) and short (s) 
heads in combination with 3:1 segrega- 
tion either for baldt (ba) vs. bearded 
(be), or velvet chaff (v) vs. glabrous 
(g), or brown chaff (br) vs. light-col- 
ored chaff (4). The expected mendel- 
ian ratio for this combination of inter- 
actions is, for example, 3 long, bald : 6 
semi-long, bald : 3 short, bald : 1 long, 
bearded : 2 semi-long, bearded : 1 short, 
bearded. In six of the tables phenotypes 
are placed accurately in these six classes, 
the P values (by the y? goodness-of-fit 
testt) being 0.60, 0.35, 0.09, 0.01, 0.01, 
0.01, (values over 0.20 are considered 
acceptable “fits”). In the seventh table, 
segregation for chaff color was divided 
into three classes (1:2:1). Combined 
with the 1:2:1 segregation for length of 
head, this produces nine phenotypic 
classes; Spillman describes only eight. 

Four of the tables present trihybrid 
data involving 1:2:1 segregation for 
length of head and 3:1 segregation for 
bearding and chaff color or for bearding 
and chaff pubescence. The expected 
mendelian segregation for this combina- 
tion of interactions comprises twelve 
phenotypic classes assorting in a 9:3:3: 
1:18:6:6:2:9:3:3:1 ratio. In all four 
tables, Spillman accurately classified his 
material into 12 classes (in one table 
the respective classes are in the order of 
the above ratio). Due to observational 
difficulties in distinguishing between 
phenotypes, poor fits are indicated by 
the y? test in each case. 

Two of the tables present monohybrid 
data involving length of head. In one 
table difficulties in differentiating be- 
tween semi-long and short are apparent, 
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but by grouping data for these expres- 
sions the resulting distribution is an ex- 
cellent fit to the 3:1 ratio (P = 0.57). 
In the other table phenotypes are divid- 
ed into three classes, and the data are 
an excellent fit to the 1:2:1 ratio (P = 
0.88). 

One of the tables presents tetrahybrid 
data involving 1:2:1 segregation for one 
character and 3:1 segregation for each 
of three characters. The expected men- 
delian segregation from this combina- 
tion of interactions involves 24 pheno- 
typic classes. Spillman had 16 classes, 
accurately worked out except for the 
eight classes involving semi-long, beard- 
ed and short, bearded phenotypes which 
were completely omitted. Even so, it 
was a noble effort to achieve a mendel- 
ian phenotypic classification. 

Spillman’s Table XIII was selected 
for reproduction in this article because 
he refers to it most specifically. Note 
that totals were not calculated for each 
type. This was a serious omission since 
the tendency for larger observed num- 
bers to approximate theoretical distribu- 
tions might have suggested the theoreti- 
cal mathematical proportions more clear- 
ly. This would have been particularly 


Spillman’s Table XIII* 


M.—Little Club; s, da, g, li. 
F. —-Valley; 1, be, g, li. 


Types I II Ill Iv+ Vv VI 
Plat No. l sl sl 
be ba be ba be ba 
6.6 17.9 12.4 38.8 4.9 19.5 
43:4 374 3.0 15.5 
5.4 20.9 10.1 50.0 2.1 11.4 
4.7 18.1 10.0 31.8 11.5 23.6 
6.9 17.7. 12.7 40.5 5.7 16.4 
6.0 19.1 13.1 37.2 7.3 19.9 
4.2 14.5 8.4 36.0 10.8 25.3 
3:7 13.7 17:5 36:2 3.7 25.0 
12.5 8.3 20.8 37.4 8.3 12.5 
5.4 21.9 7.1 29.6 74 
SS. 22.2. 01.1 31.0 7.7. 
Total number 
observed 68.6 197.0 136.6 405.9 72.1 219.8 
Phenotypic 
ratio 1 i ea 6 1 3 
Theoretical 
frequencies 68.8 206.3 137.5 412.5 68.8 206.3 


*Except for reviewer’s additions (below the double line) this 
table is exactly as Spillman published it. 

;Data in this column were printed in heavy ‘ype denoting that 
this class resembled the F}. 


*Character designations and abbreviations are Spillman’s. 
+I give the dominant expression first in each case. 
tIn the computations, the percentage value in the table was taken (to the nearest integer) 


as the observed datum. 


Johnson: Dr. W. J. Spillman 


true in the case of his frequency poly- 
gons. All of these were based on the 
data from single Fe lines (e.g., J6). 
Even so, he recognized that the relative 
proportions of the phenotypic classes 
tended to be constant. He did not see 
the significance of these proportions 
clearly enough to assign fundamental 
ratios. 

Quoting again from his work: 

To show the close agreement frequently 
found in the proportions in which the same 
types occurred in different plats, let us exam- 
ine the figures for three plats of the same 
breeding. Type I, which was like the female 
parent, constituted 6 per cent of one plat, 6.6 
per cent of another, and 6.9 per cent of an- 
other. The percentages for the other types 
were as follows: II, 17.7, 17.9, and 19.1; 
III, 12.7, 12.4, and 13.1; 1V, 40.5, 38.8, 
and 37.2; V, 5.7, 4.9, and 7.3; VI, which 
was like the other parent, 16.4, 19.5, and 
19.9.* The agreement is not usually so close 
as this, but it is fair to assume that the dis- 
crepancies are partly due to the small number 
of plants in each plat. They are also partly 
due to the fact that not a few plants were 
more or less intermediate between the types, 
and these were sometimes placed in one group 
and sometimes in another. 

It has been stated by nearly all investiga- 
tors that there is a tendency, in the second 
and later generations, to revert to the parent 
forms. It seems possible that there is a more 
accurate way of stating this. The types that 
tend to occur in the second generation, as in- 
dicated by our results, include all possible 
combinations of the characters of the two 
parents. This, of course, includes the parent 
forms themselves, and we find the parent 
forms repeated in the second generation, con- 
stituting, apparently, certain definite portions 
of this generation. 

Another important fact that is clearly re- 
vealed by the tables of percentages is that 
the type that is most abundant in the second 
generation is the same as the first generation 
type, whether the latter is of the usuai inter- 
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mediate type or otherwise. 

And further on: 

While the results here reported are not 
sufficient to justify the positive assertion that 
certain quantitative laws govern the transmis- 
sion of parental characters to hybrid off- 
spring, yet they point so strongly in this di- 
rection that we may state some of these laws 
provisionally, looking to future investigation 
for their confirmation, modification, or re- 
jection. 

That similarly bred hybrids tend to be 
alike in the first generation, and to be inter- 
mediate between the parent forms, and that 
rarely an individual resembles one parent 
more or less closely has been stated by others. 
We may add to this, provisionally, at least, 
the following: 

(1) In the second generation of hybrids 
of similar breeding (with close fertilization) 
the same types tend to occur, and in definite 
proportions; 2 of these types are like the 
parents, the others include all possible inter- 
mediate forms. 

(2) With few exceptions the most abun- 
dant type of the second generation is the 
same as the type found in the first genera- 
tion, whether the first generation was strictly 
intermediate between the parents or not.§ 

Spillman stated his conclusions as fol- 
lows: 

Many other inferences might be drawn 
from the tables below, but time forbids at 
present. 

The seed has already been sown that these 
studies may be continued in the third and 
later generations. It is hoped by continuing 
them to later generations to learn a good deal 
of a quantitative character regarding the 
transmission of parent characters to hybrid 
offspring in wheats. 

It is well known that types appearing in 
the second and later generations can be fixed 
by selection to type for several generations, 
usually five to eight; it is also important to 
know just what types to expect. 

We have begun investigations with a view 
to ascertaining whether these quantitative 


*These figures are taken from Table XIII (J6, J4, J8). Testing for goodness of fit to a 
3:6:3:1:2:1 ratio, P = 0.99 was calculated. This indicates an almost perfect fit. 


+This suggests some of the main facts of the dominance phenomenon. 
{This approximates a statement of the Law of Recombination. 
§This comes close to stating the Law of Dominance. 
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laws extend to hybrids between other groups 
of wheat varieties, and whether, when a com- 
posite is formed from several varieties, all the 
types will appear that could be formed by 
combination of parent characters.* It is in- 
teresting to note the possibilities that are 
open to the breeder should this prove to be 
the case. We could then produce anything 
we desire, if we can find varieties possessing 
the characters we wish to combine. 

It is hoped that the foregoing ex- 
tracts and discussion will provide the 
reader with some basis for drawing his 
own conclusions about the significance 
of Spillman’s work. It remains for the 
author to state briefly his own conclu- 
sions on this point. We must not claim 
for Spillman the independent discovery 
of the mendelian laws of heredity; he 
fell short of that. But he did employ 
several of Mendel’s methods and did 
achieve some of Mendel’s results. He 
considered each character separately and 
counted its frequency of occurrence, 
alone and in combination, among the 
segregates. Thus he was able to classify 
phenotypic segregation accurately, and 
to note the constant proportions in 
which certain types appeared in Fy». This 
approximates a discovery of the fact of 
segregation and, superficially at least, of 
the principle of recombination. But 
Spillman did not take the next step as 
did Mendel. Mendel, from essentially 
similar though more suggestivet pheno- 
typic observations, worked back mathe- 
matically to assumptions about the con- 
stitution of the sex cells (genotype). 
His principle of the purity of gametes 
enabled him to formulate the principle 
of independent assortment. With this 
requisite additional knowledge Mendel 
took a new view of phenotypic segrega- 
tion. He saw clearly the how and the 
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why, not only the what, of the recom- 
bination phenomena. 

In this connection it is interesting to 
record Spillman’s own modest evalua- 
tion of his work. He wrote later* as 
follows: 

The writer claims only to have discov- 
ered the fact that in the second generation of 
a hybrid every possible combination of the 
original parent character occurs. He did not 
discover the law of dominance or the fact 
that in the second generation, in addition to 
all the possible combinations of parent charac- 
ters, there also occurs every possible hybrid 
between these combinations. Mendel was the 
first to discover all these things, including the 
law of recombination. 

It is perhaps idle, though it is none 
the less interesting, to speculate as to 
what would have happened if Spillman 
had continued with his wheat hybrids in 
ignorance of Mendel’s discoveries. 
Would he have discovered the laws of 
heredity? He had set the stage with his 
materials and his methods; he was of a 
mathematical and inventive mind ;t he 
had the necessary purpose, patience, en- 
ergy and observational powers. 

Given also some good fortune, all of 
the elements of ultimate success were in 
Spillman’s hands. 
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*This involves the principle of unit characters. 

+Mendel’s peas were much more favorable as genetic material than Spillman’s wheat. 

tHe later published several articles and two books having a strong mathematical flavor, 
including works on a theory of gravitation, and on the law of diminishing returns. He invented 
various devices, including a mechanical ration computer and a perpetual calendar. 


SOME FURTHER EVIDENCE ON THE 
W. J. SPILLMAN CASE . 


Ramsay SPILLMAN, M.D. 


R. Cook has kindly let me read in 

proof the appraisal of my father’s 
work by Dr. Johnson. Its publication 
cannot but be pleasing to a group now 
no longer young, who were my father’s 
devoted scientific juniors. He, were he 
living today, would be 85 years old. It 
will surely be pleasing to his last sur- 
viving brother, John, who still has all 
his faculties and will be 93 next Christ- 
mas day. 

“An impression that, in eulogizing the 
man, Dr. Spillman’s associates may have 
overemphasized the importance of this 
part of his work.” Sixteen years after 
Mendel’s death, his fame materialized. 
Seventeen years after Spillman’s death, 
his place in genetics comes up for re- 
appraisal. It is a nice parallel, and I am 
grateful to Dr. Johnson for bringing it 
up. The raising of the point is contem- 
porary with the naming of a temporary 
building at Washington State College, 
W. J. Spillman Hall; with the promise 
of a fine new hall to replace it when 
conditions permit. Forty-six years after 
he left its faculty, the college still re- 
members him. 

From my father’s early youth on, he 
showed a marked capacity for leader- 
ship. He taught science at Oregon State 
Normal School from 1891 to 1894. 
When he took the chair of agriculture 
at Washington Agricultural College and 
School of Science, as W. S. C. was 
known then, three of his Oregon stu- 
dents followed him and continued their 
studies with him. They were D. A. 
Brodie, Byron Hunter, and A. D. E. 
Elmer. When in 1902 Spillman joined 
the U. S. Department of Agriculture, 
Brodie and Hunter soon joined him 
again, as did another Washington stu- 
dent, Henry Miller. All three were his 
devoted assistants for years. Elmer 
came to the Department also, but in a 
different office. Brodie, Hunter, and 
Miller are still living, retired. While 


chief of the Office of Farm Management, 
Spillman detected an aptitude for sci- 
ence in his messenger boy, Billy Sando. 
W. J. Sando’s achievements in genetics 
are the outgrowth of the training which 
the elder W. J. S. initiated. The young- 
er W. J. S. has more than once assured 
me of that. A. D. E. Elmer’s distin- 
guished career as a botanical explorer 
has recently been noted. D. A. Brodie 
tells me that Elmer’s first instruction in 
botany was from Professor Spillman, in 
Oregon. 

The presumption is correct that Spill- 
man’s communication in November, 
1901, antedated his knowledge of the 
work of Mendel, deVries, Correns, 
Tschermak, or Bateson. I was only ten 
years old at the time of the 1901 paper ; 
but I can testify from many an informal 
conversation in later years in our own 
home, some of them involving the four 
assistants mentioned and the late C. V. 
Piper, that it was at the 1901 meeting 
that my father learned of the discoveries 
antedating his. 

For many years, my father had in his 
office in Washington, a glass-front case 
in which were mounted heads of wheat. 
He brought this case, his Exhibit A, 
with him from Pullman to the Wash- 
ington meeting. He would not entrust 
it to the baggage car, and kept it in the 
sleeping car with him. As I remember, 
its size was on the order of 24 & 36 
inches. After his death in 1931, when 
it would have been doubly precious as a 
memento, Brodie, Miller, and Sando re- 
called that they had not seen it for some 
time, and we were never able to learn 
what became of it. 

The acclaim which greeted my father’s 
presentation in 1901 was the direct in- 
strument of taking him out of the active 
field of genetics, though genetics ranked 
high as an avocational pursuit through- 
out the thirty years of life remaining to 
him. He published occasional papers on 
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genetics up to 1929% but if he does have 
any claim to recognition as one of gene- 
tics’ immortals, it necessarily rests on 
what of Mendel’s laws he independently 
rediscovered before he heard of Mendel. 
The evidence is clear-cut (reference 3 
of the Johnson paper). Dr. Johnson has 
quoted the pertinent passages, and they 
need not be repeated here. When my 
father’s achievement of two years is 
weighed against Mendel’s achievement 
of seven, he has not fared so badly. He 
is on record in 1901 as having observed 
that parent characters recombine in the 
second generation, and in definite pro- 
portions. This discovery was, so to 
speak, the by-product of the solution of 
an economic problem of no mean mag- 
nitude. Dr. E. F. Gaines* estimated in 
1932 that up to that time, the hybrid 
wheats, originated by Spillman and car- 
ried on by his successors building on his 
foundation, had increased the wealth of 
the Inland Empire by something be- 
tween 38 and 70 million dollars. That 
was not a bad return for two years of 
the work of a professor of agriculture 
at $1800 per year. This is not a repre- 
sentation that Spillman labored under 
the handicap of poverty. We lived very 
comfortably by the standards of that 
day, in a house, which with barn in 
which we kept our own cow, cost $13 
a month rent; with other prices in pro- 
portion. 


In 1941 I had the great good fortune 
to become acquainted with Dr. H. J. 
Muller. He showed much interest in 
references to my father’s work, and 
asked for the page and date on the 1901 
paper. (Like Mendel’s communication, 
it was published in a periodical of rather 
limited circulation.) The paper aroused 
his approval to the point where he wrote 
to me immediately on reading it. With 
the opinion of Muller, I rest my case: 
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Amherst College 
February 28, 1941 


Dear Dr. Spillman: 


I succeeded today, with the aid 
of Professor F. A. Hayes of the Mass. State 
College here, in getting a copy of the Proc. 
of the 15th Annual Convention of the Agric. 
Colleges from the library of the Poultry De- 
partment. It was indeed an eye-opener to see 
what W. J. Spillman had reported here, and, 
having read it, I am amazed that the work 
is not more widely known and cited and that 
{ too had so little consciousness of it. No 
doubt it suffered from the misfortune that, 
although undoubtedly independent of the three 
accepted ‘rediscoveries’ of Mendelism, it ar- 
rived on the scene a year later than they, 
when they were already known to a consider- 
able group of biologists. It certainly includes 
some of the essentials of Mendelism, particu- 
larly of his ‘second law’, (which carries his 
‘first law’ as an implication), and it is evident 
that the experiments were being so conducted 
that they would have unfolded the whole 
story in due course, no matter what had or 
had not been done elsewhere, for not only the 
qualititative but also the quantitative basis so 
fundamental for a Mendelian interpretation 
are conspicuously present in the method em- 
ployed, and are even insisted on in the text. 
Moreover, the data give good examples of 
Mendelian ratios. It is just one of those 
accidents of scientific history that instead of 
this having served as the central line of gene- 
tic development it did not have a chance to 
because of the (historically speaking) minute 
headstart that the central European workers 
had happened to have. But I think that for 
all that it should be more recognized in the 
history of genetics—especially of American 
science—as I certainly intend to do whenever 
I have occasion to refer to the events of those 
days. Many thanks for directing my attention 
to it. With kindest regards, in which Mrs. 


‘Muller joins me, Yours sincerely, H. J. Mul- 


ler.” 
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A LETHAL FLUID IMBALANCE IN THE 
MEXICAN AXOLOTL 


Inherited as a Simple Mendelian Recessive 


R. R. HUMPHREY 
Department of Anatomy, School of Medicine 
University of Buffalo 


has long been used as a labora- 

tory animal, both in this country 

and in Europe, relatively little has been 
published concerning its genetics. The 
analysis of any hereditary character in 
this species is therefore of considerable 
importance, and the detection of a lethal 
trait becomes especially worthy of record. 
The white or partial albino strain of 
the Mexican axolotl (Siredon—or Am- 
bystoma—me.xicanum)is a mutant form 
of the dark or“gray’’animal‘native to cer- 
tain lakes in central Mexico, the white 
color pattern being transmitted as a sim- 
ple Mendelian recessive. In 1935 the writ- 
er obtained from the Morris Biological 
Farm of the Wistar Institute* a small 
number of larvae of this strain which 
reached maturity and were mated in 
1937. Offspring were. obtained from 
only one female (referred to hereafter as 
female No. 1). A small number of these 
were reared and used as breeding stock, 
together with their parents, during the 
following years. In this period embryos 
from every spawning obtained were used 
in large numbers in various types of 
transplantation experiments, and no un- 
usual number of abnormal or defective 
embryos was ever observed. In the 
spring of 1941, however, a striking de- 
velopmental defect was encountered in 
numerous embryos in three different 
spawnings of white females. The ab- 
normality first to appear, a marked dis- 
tention of certain parts by a watery fluid, 
was followed by a defective or subnor- 
mal development of the gill circulation 


the Mexican axolotl 


and the eventual death of the embryo. 

The hereditary nature of this syndrome 
was at once suspected; this has since 
been fully confirmed. With over 2100 
cases of the defect now on record, its 
lethal nature and its inheritance as a 
simple Mendelian recessive appear suf- 
ficiently demonstrated. Because the first 
and most striking manifestation of the 
trait is the excess fluid present (or a 
fluid imbalance), it is proposed to desig- 
nate the gene involved by f, with the 
gene for the dominant allele (normal 
fluid balance) to be designated by F. 


Defects Appear Early 


Abnormal development in embryos 
homozygous for f usually becomes evi- 
dent grossly at Harrison’s stages 24 to 
27 (tail-bud stages) as a marked en- 
largement of the head resulting from 
the presence of excess fluid external to 
the neural tube. This enlargement is 
most evident when the embryo is viewed 
from either the dorsal or ventral aspect 
(Figure 44). At the same time or 
slightly later, fluid begins to accumulate 
in a situation dorsal to the branchial 
arch territory and rostral to the prone- 
phros, to distend this region into a large 
dorsolateral swelling or blister, common- 
ly bilateral as in Figure 4A and B, but 
sometimes limited to one side. The body 
of the embryo caudal to this level may 
remain quite normal or may become en- 
larged in a fashion suggesting the pres- 
ence of excess fluid in the primitive gut 
or archenteron. The distention of both 
the head and the suprabranchial region 


*The writer wishes to express his appreciation to the Wistar Institute, and also to Dr. 
Cranford Hutchinson, who supplied valuable information concerning the axolotl colony at the 


Morris Biological Farm. 
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EMBRYOS AND LARVA OF MEXICAN AXOLOTL SHOWING THE LETHAL TRAIT 
Figure 4 


A. Embryo of tail-bud stage viewed from the ventral surface; note the lateral expansion 
of the head and suprabranchial region. B. Older embryo viewed from the dorsal surface; 
the suprabranchial swellings, now at maximal size, have the appearance of large blisters. C. 
Larva at hatching. The fluid remaining is largely caudal to the gills, and suggests an en- 
largement of the pronephros; the gills are poorly developed. 


may be considered the most typical con- 
dition, but one or the other of these parts 
may remain normal in some instances 
and fluid in the other occur, either alone 
or in combination with distention of the 
body. Excess fluid in the latter alone 
without a previous enlargement of the 
other two regions may also occur. The 
suprabranchial swelling, especially if 
bilateral, is a feature rarely if ever dupli- 
cated in any other condition, and is quite 
different from any distention due to 
edema or ascites as these are seen in 
embryos with unusual chromosome num- 
bers.1 

In sections of an embryo fixed after 
the head and suprabranchial region had 
become markedly enlarged, the fluid on 
each side of the head was found to be in 
a space largely surrounded by meso- 
derm. This space at its caudal border 
became continuous with the more rostral 
part of the much larger suprabranchial 
space, the mesodermal lining of which 


was incomplete laterally. In a somewhat 
older embryo with asymmetrical supra- 
branchial distention, the mesoderm 
formed a continuous lining for the small- 
er cavity on one side, but had been in- 
terrupted by the greater enlargement of 
the corresponding space on the other. 
Fluid in the body was sometimes found 
to be in spaces between mesoderm and 
entoderm, but appeared also in cavities 
within the latter germ layer as well as in 
the gut cavity itself. It seems probable 
that the fluid present may shift in posi- 
tion as increasing pressure ruptures the 
wall of the space first containing it. 

In affected embryos removed from 
their egg membrances and punctured to 
permit drainage of the accumulated fluid, 
it was found that the opening soon healed 
and the space again became filled. A 
few attempts to prevent the increase of 
the fluid by transferring the embryos to 
saline or other solutions proved unsuc- 
cessful. The amount and location of the 
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fluid do appear to be somewhat affected 
by temperature, however, since embryos 
kept under refrigeration often showed 
little or no fluid in the suprabranchial 
region, but more in the body. In one 
spawning the ff embryos among those 
refrigerated developed so little fluid as 
to be scarcely distinguishable from the 
normal, although excess fluid was pres- 
ent in its usual abundance in about 25 
per cent of the embryos of the same 
spawning which had been kept at room 
temperature. 

As embryos homozygous for f reach 
older stages the accumulated fluid may 
sometimes disappear so completely as to 
leave the embryo superficially normal in 
appearance. Often, however, fluid may 
be retained in the branchial region or 
caudal to it on one side or both sides 
(Figure 4C), or in the gut. The latter, 
in fact, may sometimes enlarge as fluid 
disappears from other sites. A fluid 
balance apparently becomes established, 
eventually, and the excess fluid is either 
completely eliminated or greatly reduced 
in volume. The distention of the branch- 
ial region during critical pre-vascular 
phases of development has by this time, 
however, caused irreparable damage. 
When the gills develop they are seldom 
normal. Their filaments are often re- 
duced in number, or short or irregular 
in form. The gills tend to remain sub- 
normal in size (as in Figure 4C), and 
the gill circulation may be reduced or 
even lacking. 

Numerous embryos exhibiting this ab- 
normality in fluid balance have been 
segregated and have been supplied with 
food at the proper time, but they almost 
invariably fail to begin feeding, and die 
off within a week or two after their 
normal siblings have begun to eat. Only 
two affected individuals have been known 
to survive this period; neither lived to 
an age at which its ff genotype could 
have been proven by a mating with an 
animal of genotype Ff. Survival of such 
homozygotes even under the best of con- 
ditions is so extremely rare that all such 
embryos may be regarded as non-viable. 
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Frequency of Defect 


The trait discussed above has now ap- 
peared in embryos of about 40 different 
spawnings. Of these, 34 for which rec- 
ords were sufficiently complete are in- 
cluded in Table 1. In all, 2,107 embryos 
in these spawnings were classed as show- 
ing the trait to 6,334 lacking it; the 
number affected is thus 24.96 per cent 
of the total. The percentages for the in- 
dividual spawnings range from 17.7 to 
31.2. The average percentage for the 34 
spawnings is 24.91, with an average 
deviation of 2.47. 

In some spawnings a high mortality 
occurs previous to the appearance of the 
first manifestations of the lethal charac- 
ter. This mortality is apparently not 
selective for the ff embryos, however, 
since the total number of affected indi- 
viduals among the survivors is very close 
to the expected 25 per cent, and since 
individual spawnings with an especially 


TABLE I. Records of 34 Spawnings in which the 


ethal Trait appeared. 


Embryos Dead 


Spawning Early, or Embryos Embryos Percentage 
Number Uncertain Normal Affected Affected 
24 12 165 61 27.0 
36 “many” 51 11 17.7 
38 44 230 78 25.3 
40 17 365 123 23:2 
41 18 102 26 20.3 
42 49 381 104 21.4 
43 46 109 35 24.3 
48 29 61 21 25.6 
49 12 169 60 26.2 
50 93 376 137 26.7 
51 30 638 198 23:7 
56 11 120 45 27.3 
57 27 381 116 23.3 
64 6 108 33 23.4 
65 22 221 63 22.2 
68 21 191 83 30.3 
69 10 232 61 20.8 
70 5 272 97 26.3 
71 27 151 41 21.4 
73 14 245 80 24.6 
74 6 160 58 26.6 
77 11 13 27.8 
80 21 420 140 25.0 
88 11 125 48 37.7 
108 5 140 49 25.9 
109 18 215 90 29.5 
116 6 63 15 19.2 
124 25 85 29 25.4 
155 4 161 73 31.2 
193 1 57 17 23.0 
197 10 159 53 25.0 
198 2 8 3 27.3 
229 5 76 31 29.0 
234 12 84 23 21.5 

TOTALS 6334 2107 
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high mortality may nevertheless have 25 
per cent or more of the survivors ex- 
hibiting the trait (see spawnings 38, 48, 
50, and 124, for example). It seems 
quite probable that the variation in per- 
centage of affected embryos shown in 
Table I is due entirely to chance. Four- 
teen spawnings show percentages below 
the expected 25 per cent and 18 above, 
with 2 (80 and 197) having exactly the 
25 per cent anticipated for a simple Men- 
delian recessive. 

The occurrence of the lethal character 
in from one to six embryos of a spawn- 
ing instead of the 25 per cent commonly 
approximated has been noted in several 
instances. Usually only one embryo in 
from one to several hundred in the 
spawning is affected. For almost all 
such spawnings one or the other parent 
has been proven heterozygous for f, and 
for no such spawning have both parents 
been demonstrated to lack that gene. 
There are several possible explanations 
for the isolated occurrence of the lethal 
trait in spawnings of this type. The first 
is that the trait may develop occasion- 
ally in an embryo heterozygous for it 
(Ff). The second is that through total 
or partial loss of the chromosome carry- 
ing F, an embryo lacking that gene may 
occur, the single f present then inducing 
development of the trait as in a homozy- 
gote. One isolated embryo showing the 
trait was classed as diploid (2N) on the 
basis of a chromosome count, but might 
nevertheless actually lack F. The third 
explanation is that the isolated cases are 
the result of haploidy, the affected em- 
bryos receiving a chromosome comple- 
ment (N) only from the parent heterozy- 
gous for f. In six such affected embryos 
haploidy has been fully proven by study 
of nuclear size or by chromosome counts 
in tailtip preparation.* For five of these 
the mother was heterozygous for f while 
the father lacked that gene; these hap- 
loids are thus probably gynogenetic in 
origin. The sixth affected haploid would 
appear to be androgenetic, since it ex- 


of Heredity 


hibits two recessive traits (the lethal, 
and white color) carried by its father 
but not by its mother, an animal homozy- 
gous for the dominant alleles of these 
characters. The determination that in 
these six isolated cases of affected em- 
bryos the latter are actually haploid 
offers a satisfactory explanation for their 
unexpected occurrence,—an explanation 
which probably holds true for the great 
majority of such isolated cases. 

It is of considerable interest that a 
single gene f in a haploid embryo induces 
the same precocious disturbance of fluid 
balance as appears in a homozygous dip- 
loid (ff). This imbalance is, of course, 
readily distinguishable from the edema 
and ascites seen in the usual “haploid 
syndrome,” appearing as it does in an 
earlier stage of development and involv- 
ing especially the head and suprabranch- 
ial region. 


The f-Gene in Triploids 


The lethal trait has appeared in only 
5 of 98 triploids induced by cold treat- 
ment of eggs from Ff X Ff matings. If 
the first maturation division in such eggs 
had been reductional for F and f, the 
triploids resulting from suppression of 
the second maturation division would 
have been FFF, FFf, Fff, and fff, in 
equal numbers and 25 per cent would 
thus have been homozygous for f and 
shown the trait. If on the other hand 
the first maturation division had never 
been reductional for F and f the triploids 
would have been FFf and Fff in equal 
numbers, and none should have shown 
the trait unless it developed in embryos 
of genotype Fff. Since only about 5 per 
cent of the triploids exhibit the lethal, it 
may be concluded that the first matura- 
tion division is only occasionally reduc- 
tional for F and f, and that embryos of 
genotype Fff develop normally. 

The lethal syndrome has appeared in 
the offspring of two triploid females 
mated with diploid males heterozygous 
for the trait. One of the two females, 


*These haploids were identified as such by Dr. Gerhard Fankhauser of Princeton Univer- 
sity, to whom the writer is also much indebted for helpful criticism and suggestions during 


the preparation of this paper. 
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from an FF mother, is undoubtedly FFf 
in genotype; the lethal trait was ob- 
served in about 9.5 per cent of her off- 
spring, embryos with chromosome num- 
bers intermediate between 2N and 3N 
and very probably lacking F. The sec- 
ond triploid, 12.3 per cent of whose off- 
spring showed the lethal character, may 
be either FFf or Fff in genotype, but if 
the latter, should, theoretically, have had 
about 25 per cent of her offspring affect- 
ed, since the single F should be elimi- 
nated in the polar body in about 50 
per cent of the eggs undergoing reduc- 
tion. Little is known of the behavior of 
the chromosomes in axolotl polyploids 
during the maturation divisions, and it 
is hoped that further use as breeders of 
polyploids carrying f may help to shed 
light upon this subject. 

The assignment of gene f to any par- 
ticular chromosome is at present impos- 
sible. It is not located in the same chro- 
mosome as the gene for the white color 
pattern, since the lethal shows no link- 
age with the latter trait in the offspring 
of animals heterozygous for dark and 
white color as well as for f. Neither is 
it carried in the sex chromosomes, since 
it is transmitted in identical fashion by 
animals of three different genotypes 
with respect to sex (ZZ, ZW, and 
WW), and the surviving animals from 
spawnings in which the trait has ap- 
peared commonly show the sex ratio ex- 
pected. Thus one can only say at present 
that gene f must be autosomal and must 
be carried in some chromosome other 
than that determining color. 


Origin of the Defect 


The time and place at which the lethal 
trait actually had its origin remain un- 
certain. On the basis of the information 
now available, however, it would seem 
probable that it arose as a mutation in 
the white axolotl after the latter strain 
had appeared as a mutation in dark ani- 
mals maintained in a research laboratory 
in Europe. The trait was encountered 
several years ago in axolotls used in a 
laboratory in the Ukraine (V. V. 


*Personal communication. 
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Brunst*), where it was noted that only 
the offspring of white animals were af- 
fected. The white axolotls of the colony 
at the Morris Biological Farm of the 
Wistar Institute (from which the writer 
obtained animals in 1935) were the de- 
scendents of two pairs brought from a 
laboratory in Cracow, Poland (Cran- 
ford Hutchinson*). It seems highly 
probable that the white animals reared 
in Poland and in other eastern European 
countries were of common ancestry, and 
that the gene for the lethal trait was 
carried by one or more of the four 
brought to the Wistar Institute from 
Poland. Dr. Hutchinson states that he 
does not recall seeing at the Morris Bio- 
logical Farm any embryos of the type 
described in this report, and a white 
male and several dark animals heterozy- 
gous for color obtained from him in 1944 
were all proven to lack gene f. This 
gene, nevertheless, might have been car- 
ried by many animals of the Wistar In- 
stitute colony without the trait itself 
having been detected, either because by 
chance a mating of two heterozygous 
animals never was made, or because the 
young from such a mating were not 
under microscopic observation during 
embryonic stages. 

When the lethal trait was first noted 
by the writer in 1941, two of the white 
animals obtained from the Wistar Insti- 
tute in 1935 were still living. One of 
these was the female (No. 1) from which 
all younger white axolotls of the colony 
were descended, since she alone of the 
three females originally obtained had 
ever mated and spawned. In 1941 this 
animal was mated with one of her own 
progeny, and in the spawning which re- 
sulted there were found numerous em- 
bryos showing the lethal character, prov- 
ing both parents to be heterozygous for 
its gene (f). From three previous mat- 
ings of female 1 with three different 
young males, all her own offspring, no 
embryos showing the trait had ever been 
obtained; neither had affected embryos 
been found in the first spawning of this 
female, following a mating with one of 
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the white males, probably a brother, ob- 
tained at the same time from the Wistar 
Institute. This male and those of his 
sons first retained as breeders must 
therefore have lacked gene f. As a re- 
sult, in the four breeding seasons of 1937 
to 1941, both female No. 1 and her 
daughters heterozygous for f were, with 
one exception, always mated with males 
lacking this recessive gene. The single 
exception, a mating of two young hete- 
rozygous animals in 1940, resulted in a 
small spawning all fertile eggs from 
which were sent to another laboratory. 
Thus due to chance the lethal trait 
escaped observation by the writer until 
it appeared in the embryos of three 
spawnings in 1941, six years after the 
gene for it had been brought into the 
colony in female No. 1. In the years 
that followed, many heterozygotes reared 
in 1941 or later were used as breeding 
stock, and the trait appeared in numer- 
ous spawnings, the majority of which 
are included in Table I. 

The presence or absence of gene f in 
numerous descendents of female 1 has 
been determined by mating them with 
individuals known to be heterozygous for 
it. From matings of two such heterozy- 
gotes (Ff X Ff), the survivors, after 
the death of the 25 per cent homozygous 
for f, should include two heterozygotes 
to one animal homozygous for the domi- 
nant normal condition (FF). From 
such matings there have actually been 
obtained 24 Ff and 10 FF. From mat- 
ings of known heterozygotes with ani- 
mals not carrying f (Ff X FF), one- 
half the offspring should be heterozy- 
gotes; such matings have actually pro- 
duced 23 Ff and 15 FF. For both types 
of matings many offspring reared and 
bred remain unknown as to genotype: 
it is quite possible that if all animals had 
been tested, the percentage found to be 
FF in genotype would have approxi- 
mated more closely that expected. Ran- 
dom matings of previously untested ani- 
mals have frequently demonstrated two 
animals to be heterozygous for f, but if 
the lethal trait does not appear in the 
offspring of such a random mating, the 
genotype of both parents remains un- 
certain, since only one of the two need 
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be FF to give this result. As the data 
stand, therefore, the excess of heterozy- 
gotes found is probably of no signifi- 
cance. Had the percentage of heterozy- 
gotes been found to be far below that 
expected, however, a deleterious effect 
of the single f might have been sus- 
pected, since only the largest and most 
vigorous larvae, as a rule, were retained 
to rear as breeding stock. 


Dominance of F Complete 


A mating of male and female each 
classed as FF (either because proven so 
by test matings, or because the offspring 
of parents both proven to be FF) has 
never produced an embryo showing the 
lethal trait or any offspring demon- 
strated to carry the gene for it. The 
total number of such matings in the 
writer’s colony is still relatively small, 
numbering only 43, in 32 of which one 
or both participants trace descent from 
female 1. Nor have large numbers of 
the offspring from such matings been 
mated with known heterozygotes (Ff) 
to prove their supposed FF genotype. 
In all, 15 females and 13 males of FF 
genotype descended from female 1 have 
participated in the 32 matings of FF x 
FF mentioned above, the other 11 such 
matings involving only dark axolotls or 
white animals of other ancestry. Be- 
cause of the relatively small number of 
FF X FF matings (43) and the limited 
number of the offspring of such matings 
tested, it can not be asserted that muta- 
tion to produce gene f is of rare occur- 
rence. Be that as it may, we have at 
present no proof that such a mutation 
has occurred more than once in the his- 
tory of either the white axolotl or the 
dark strain from which this partial al- 
bino type took origin. 

Since animals heterozygous for the 
lethal character appear not to be inferior 
in vigor to those not carrying the gene 
for it, and since they constitute one-half 
the offspring from matings of either the 
Ff X FF or Ff X Ff type, it would 
seem that the gene, if present in a wild 
population, should not be speedily elimi- 
nated by natural selection. On the oth- 
er hand, in a laboratory stock from 
which eggs and young are desired for 


Humphrey: Lethal Fluid Imbalance 


experimental purposes, the presence of 
the gene is of considerable disadvantage, 
since time and effort may often be spent 
on operations or experiments with eggs 
or young embryos later proving to be the 
non-viable ff homozygotes. On this ac- 
count the gene is being perpetuated in 
only a small number of animals, chiefly 
to keep it available for any further gene- 
tic studies in which it may prove useful. 


Summary 


1. A lethal trait encountered in em- 
bryos of the white or partial albino strain 
of the Mexican axolotl is described. 
Affected embryos suffer a fluid imbal- 
ance, manifest as a distention of the head 
and suprabranchial region, and some- 
times of the body as well. Later the gill 
circulation may be defective or fail to 
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develop, and the young animals do not 
begin feeding and die within a short 
time after hatching. 2 

2. This lethal character is transmitted 
as a simple Mendelian recessive. In 34 
spawnings in which it appeared, 6,334 
embryos were recorded as normal or 
lacking it and 2,107 (24.96 per cent) as 
affected. The trait shows no linkage 
with either sex or color pattern. 

3. The gene for this trait (desig- 
nated by f) was probably carried by 
white animals brought to this country 
from Poland, since inquiry reveals that 
the character has been observed in at 
least one laboratory in eastern Europe. 
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NOS MORITURI 


A contribution to the etiology of certain sub-clinical aspects of 
erythroblastosis foetalis. 


We are the Rh babies—all 
The papers have expounded 
The immunogenetic laws 
On which our woes are founded. 
We swell with foetal hydrops which 
Enlarges all our muscles, 
Though they're no use to us because 
We’re short on red corpuscles. 


Our biliverdin bursts its bounds, 
It gives us icterus gravis; 
And if we dodge these greater ills 
Yannet and Snyder have us 
Classed as morons—nasty word— 
That stigma doesn’t please us, 
And so we state our case herewith, 
Exonerating rhesus. 


We’re really making progress, we’ve 
No wish to pose as martyrs, 
Though finishers among us are 
Far fewer than our starters; 
The obstetricians learned the trick, 
When we appear they seize us, 
Our sanguinary bilge they drain— 
Away with anti-rhesus! 


Though statisticians may maintain 
(Their dreary chi-squares probin’) . 
We’re mentally inadequate 
From dearth of hemoglobin, 
All Rh babies know that if 
Our Binet tests don’t flatter, 
These cerebral shortcomings trace 
To quite a different matter. 


’Tis this—while we imprisoned are 
Awaiting liberation, 

We spend the weeks a-pondering 
In deepest meditation 

The problem: do we owe our state 
To Murray’s 3-4-5? 

Or Rh-double-prime, mayhap? 
Or delta-negative? 


We understand the Rhi 
But Rh-superscript— 
One-prime-plus-Rh-O, we find, 
Has somewhat over tipped 
Cerebral operations in us kids 
If not in Snyder; 
How does poor mother classify 
Agglutinins inside her? 


Does the anti-Rhz break down 
Erythrocytic fetters? 

Or just the ones that Levine calls 
Hr, with reversed letters? 

And where’s our place in Fisher’s cube? 
Can we be C-d-E? 

Is anti-gamma eating us? 
Or Diamond’s anti-d? 


Those eight alleles, our antigens, 
Are not at all confusing, 
What we get are the symbols that 
The different guys are using; 
With thirty-two of them to match, 
Should rhesus get the blame 
If we’re non compos mentis—are 
Not some of you the same? 
J. M. B. M’ConnacHIE 


AMPHIDIPLOID LACTUCA HYBRIDS 
Figure 5 


A is a 26-chromosome amphidiploid from the hybrid L. biennis x L. indica. The parents 
had a haploid chromosome number of 17 and 9 respectively. The haploid number of the par- 
tially fertile hybrid is 26, combining the chromosome complements of both parents. B—Plant 
of 26-chromosome amphidiploid from L. graminifolia XL. indica. 
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TWO NEW 26-CHROMOSOME FORMS 
OF LACTUCA 


A Report on Their Genetic and Cytological Relationships 
Ross C. THompson, J. W. HANEy, AND WILLIAM F. Kosar* 


DOUBLE AMPHIDIPLOID 


Figure 6 


__ This plant represents the F, of a cross between the two hybrids shown in Figure 5. It com- 
bines a complete set of both their chromosomes, having a somatic chromosome number of 52. 
In the F. generation, a fairly stable form of the hybrid has been produced. 


reported by Thompson, Whitaker, and 
Kosar,! and by Thompson.?? Cytologi- 
cal study of hybrids between some of the 


ENETIC relationships among 
numerous species of the genus 
Lactuca have been studied and 


*Horticulturist, former Junior Cytogeneticist and Assistant Horticulturist, respectively, 
Agricultural Research Administration, United States Department of Agriculture, Beltsville, 


Maryland. 
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species of Lactuca were reported by 
Whitaker and Jagger* and by Whitaker 
and Thompson.® 

Thompson, Whitaker, and Kosar? re- 
ported interspecific hybridization to have 
been effected between certain of the 17- 
chromosome and certain of the 9-chro- 
mosome species of Lactuca. Among the 
16 matings between 17- and 9-chromo- 
some species from which F, plants were 
obtained, two, L. biennis* (n = 17) X 
L. indica (n = 9) and L. graminifolia 
(n = 17) X L. indica (n = 9) were 
partially fertile and some seed were ob- 
tained. Thompson? presented additional 
data on the L. biennis X L. indica mat- 
ings which showed that non-reduction 
occurred in the gametes which produced 
the Fs, and that this generation was an 
amphidiploid population in which the in- 
dividual plants all had 52 somatic chro- 
mosomes. 

Since the above report on the new 26- 
chromosome form from L. biennis X 
L. indica was published, the other par- 
tially fertile hybrid, L. graminifolia (n 
= 17) X L. indica (n = 9), has been 
studied. This paper is a report on this 
hybrid and its genetic relationship to the 
26-chromosome hybrid L. biennis X L. 
indica. 

Observations on F, Plants 

Seed obtained from the flower heads 
of Lactuca graminifolia to which pollen 
of L. imdica was applied produced a 
population of 29 F, hybrid plants. All 
29 plants appeared to be normal and 
while only partially fertile, all produced 
some seed. In general appearance they 
were intermediate between the two par- 
ent species. For comparison of typical 
stem leaves of L. graminifolia, L. indica, 
and the F; hybrids, see Thompson et al.,? 
Figure 3B. The leaves of the hybrid 
were more lobed than those of L. grasnini- 
folia but had narrow pointed terminal 
segments and narrow lobes like L. 
graminifolia, rather than broad terminal 
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segments and lobes like L. indica. The 
flowers were small with dark reddish 
purple corollas. The stems were inter- 
mediate in height and did not exhibit 
marked vigor. 

Root-tip smears from five F, plants 
showed a somatic chromosome number 
of 26. 

Cytological examination of the devel- 
oping microsporocytes of the F; plants 
indicated many irregularities in both di- 
visions of meiosis, resulting in the for- 
mation of many abnormal pollen cells. 
Variable pairing with both bivalents and 
univalents present at diakinesis was ob- 
served in many of the mounts. Triads 
and various forms of polyspory were ob- 
served in the late stages of pollen de- 
velopment. Dyads resulting from homo- 
typic division of unreduced nuclei were 
present in most mounts. The dyads were 
apparently the only form producing 
functioning spores as indicated by the 
behavior of the Fs generation. 


Observations on F, and Later 
Generations 


A population of 50 F, plants was 
grown from seed of one of the most 
fertile F, plants. As in the case of the 
Lactuca biennis X L. indica hybrid pre- 
viously reported by Thompson,” the Fe 
from L. graminifolia & L. indica did 
not segregate but produced a uniform 
population somewhat larger and thicker- 
leaved and more fertile than the Fy, 
although not all ovules produced seed. 
The botanical descriptions of the two 
new 26-chromosome forms, L. biennis 
x L. indica and L. graminifolia & L. 
indica, are given in a later section. 

Root-tip smears from three of the F2 
plants showed 52 chromosomes (Figure 
7A). Cytological examinations of the de- 
veloping microsporocytes showed 
meiosis in many cells to be regular with 
normal tetrads resulting. Twenty-six 
bivalents were distinguishable in many 
mounts (Figure 7B). In some cases, 


*Since publishing previous reports on interspecific relationships which included the species 
Lactuca spicata, the authors have been informed by Dr. S. F. Blake, Senior Botanist, Division 
of Plant Exploration and Introduction, Agricultural Research Administration, United States 
Department of Agriculture, Beltsville, Maryland, that the species formerly called L. spicata is 


now called L. biennis. 


irregularities were present in both divi- 
sions. Pollen mounts in some cases 
showed as much as 10 percent sterile 
pollen. Fertile pollen grains of the hy- 
brid were larger in comparison with the 
pollen of either parent species. The 
mature seed was larger than that of 
either parent. 

The Lactuca graminifolia & L. indica 
hybrid is only partially fertile. It has 
been grown through five generations 
and has not segregated. Like the L. 
biennis X L. indica hybrid, the L. 
graminifolia < L. indica hybrid is a 
new amphidiploid form having n = 26 
chromosomes, and it likewise arose by 
non-reduction of the gametes produced 
by the 


Botanical descriptions of the two 
new 26-chromosome forms of 
Lactuca* 


Lactuca graminifolia < L. indica 


Biennial, about 1 m. high, glabrous except 
for a few loose hairs in the leaf axils and to- 
ward the base of the leaves on their upper 
side, somewhat glaucous; lower leaves deeply 
pinnatisect, about 20 cm. long, 7 cm. wide, 
sessile by a sagittate base, the larger lobes 
2-3 pairs, lanceolate, oblong, or cuneate, entire, 
serrate or bifid, acute or acuminate, glauces- 
cent beneath; middle and upper leaves nar- 
rowly linear, entire, or with 1-3 lobes, 13-22 
cm. long, about 7 mm. wide, sessile by a trun- 
cate-rounded base, the lobes when present 
linear-lanceolate, acuminate, entire; panicle 
large, naked; head about 23-flowered, in flower 
1.5-1.7, in fruit 2-22 cm. high; involucre 
somewhat regularly graduated, about 5-seriate, 
1.4-2 cm. high, equaling the pappus, the outer 
phyllaries ovate to lance-ovate, obtusely acu- 
minate, ciliolate at apex, the inmost linear- 
lanceolate, obtusely acuminate; corollas purple 
on both sides ; achenes (including beak) 10 mm. 
long, the body elliptic-oblong, strongly flat- 
tened, 6 mm. long, 3 mm. wide, blackish-brown, 
transversely rugulose, on each side 1-ribbed 
and with 2 weak or inconspicuous additional 
ribs, rather abruptly contracted into a very 
slender greenish beak about 4 mm. long; pap- 
pus shining white, 9 mm. long—Specimen (of 
F,) in herbarium U. S. National Arboretum, 
collected in Department of Agriculture green- 
house at Beltsville, Md., April 7, 1946. 

Like L. graminifolia, but larger and coarser, 
with more of the lower leaves lobed and with 
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CHROMOSOMES OF HYBRIDS 


Figure 7 


Nuclei from two plants of L. graminifolia X 
L. indica hybrids. A—Mitosis of a root tip 
cell, with 52 chromosomes. B shows diakine- 
sis in meiosis of F2 microsporocytes, with 26 
bivalents. Both photographs 1350. 


broader lobes, the mature involucre longer, 
and the achenes larger. 


Lactuca biennis < L. indica 


Biennial, about 2 m. high, the stem loosely 
pilose just under the base of the leaves, other- 
wise glabrous; leaves broadly oblong, about 
20-25 cm. long, 12 cm. wide, deeply and inter- 


*The botanical descriptions given here were written by Dr. S. F. Blake, Senior Botanist, 
Division of Plant Exploration and Introduction, Agricultural Research Administration, United 
States Department of Agriculture, Beltsville, Maryland, from material supplied by the authors. 
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MITOSIS IN DOUBLE HYBRID 
Figure 8 
A—Mitosis in root-tip cells from F; plant from cross between the two 26-chromosome 


forms, (L. biennis < L. indica) and (L. graminifolia & L. indica), showing 52 chromosomes. 
B—Mitosis in root tip cells of F2 plants from this same cross showing 52 chromosomes. Both 


photographs 1350. 


ruptedly pinnatisect, sagittate-amplexicaul, 
above short-hirsute on base near the margin, 
beneath pilose on midrib and veins, the larger 
lobes 2-3 pairs, obliquely cuneate-obovate, den- 
tate; panicle large, branched, with reduced 
leaves below, naked above; heads about 16- 
flowered, in fruit 1.5-1.7 cm. high; involucre 
1-1.4 cm. high, somewhat irregularly gradu- 
ated, the outer phyllaries about 4-seriate, ovate- 
lanceolate, the longer of these about 1/3 short- 
er than the inmost; corollas yellowish; achenes 
about 6.5 mm. long, the body elliptic-oblong, 
often oblique, 5.2-5.8 mm. long, about 2.3 mm. 
wide, strongly flattened, blackish brown, trans- 
versely rugulose, on each face 3-5-ribbed, 
rather abruptly narrowed into a thickish whit- 
ish neck 0.8-1 mm. long ; pappus sordid-whitish, 
7 mm. long—Specimen (of F,) in herbarium 
U. S. National Arboretum, collected in U. S. 
Department of Agriculture greenhouse at 
Beltsville, Maryland, July 9, 1947. 

Closely similar in foliage and most charac- 
ters to the yellowish-flowered, pinnatifid- 
leaved form of Lactuca biennis, but with paler, 
barely brownish-tinged pappus and darker, 
flatter, less prominently ribbed achenes pro- 
vided with a short but definite beak. In 
color and shape of achene it is more like L. 
indica, but in this last the achene is somewhat 


smaller and fewer-ribbed, the beak is longer, 
and the pappus clear white. 


Genetic Relationship Between the 
two 26-Chromosome Forms 


In the spring of 1942 a number of 
flower heads of the amphidiploid Lac- 
tuca biennis X L. indica were depol- 
linated with water and pollen from 
flower heads of the amphidiploid L. 
graminifolia X L. indica applied. A total 
of 27 seeds were obtained from which 
23 plants were grown. All of these ex- 
hibited characteristics intermediate be- 
tween the two parents. 


Cytological Observations 


Root-tip smears showed the F; so- 
matic chromosome number to be 52 
(Figure 84). Although some irregulari- 
ties were observed in meiosis of the F, 
microsporocytes, normal tetrads were 
found in most cells. Although some set 
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only a few seed, nearly all of the Fy 
flower heads set at least a few seed. 

The Fe population from the cross of 
the two 26-chromosome amphidiploids 
showed wide variability and characters 
typical of the three species Lactuca bien- 
nis, L, graminifolia, and L. indica were 
distinguishable. 

Root-tip smears from F, and F3 plants 
all showed 52 chromosomes (Figure 8B). 

Facilities were not available for grow- 
ing a large Fs and succeeding genera- 
tions and no attempt has been made to 
study segregation in the progenies. Some 
of the F; plants were photographed and 
one of these is shown in Figure 6 for 
comparison with the two parents. Four 
generations of hybrids have been grown 
and seed for each succeeding generation 
was saved from the most vigorous and 
most fertile plants. Many typical char- 
acters appearing in the Fo have been 
lost in later generations. 


Summary 
Two 26-chromosome amphidiploid 
forms of Lactuca have been produced 
from crosses between species having 17 
and species having 9 chromosomes. 
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The first of these was obtained from 
the cross Lactuca biennis (n = 17) X 
L. indica (n = 9). The second arose 
from the cross L. graminifolia (n = 17) 
< L. indica (n = 9). 

Cytological studies have shown that 
both of these new forms have n = 26 
chromosomes and that they arose 
through non-reduction in gametes pro- 
duced by the F; hybrids. 

The two new 26-chromosome amphi- 
diploid forms are genetically compatible. 

The Fes population of 23 plants was 
too small to permit a study of segrega- 
tion; however, characters typical of the 
three parental species, L. biennis, L. 
graminifolia, and L. indica, were ob- 
served in the F2 segregates. 
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Jackson Memorial Laboratory Annual Meeting 


An all-day science session, in which promi- 
nent visiting scientists participated, was a fea- 
ture of the nineteenth annual meeting, just 
completed, of the Roscoe B. Jackson Memorial 
Laboratory at Bar Harbor, Maine. The morn- 
ing of Saturday (August 20) was devoted to 
a report by members of the Jackson Labora- 
tory on research activities that had progressed 
there during the past year despite the extra 
and heavy duties that each member had as- 
sumed in the rehabilitation and reconstruction 
of the Laboratory. 

The afternoon was devoted to three round 
table discussions. 

The “Mutation and Cancer Research” round 
table had for its chairman Dr. Lloyd W. Law, 
Senior Geneticist at the National Cancer In- 
stitute at Bethesda, Maryland. * * * One of 
the conclusions drawn was the fact that there 
is a tremendous amount of presumptive evi- 
dence for a relation between mutations and 
cancer which is learned through the study of 
germ cells. The role of cytoplasmic determi- 
nants in the induction and growth of cancer 
was discussed at length. Briefly summarized 
other points made were: 


The nucleus is involved in changes of growth 
rate and differentiation of growth. 

Where appropriate tests have been made, 
nucleus changes associated with cytoplasmic 
elements may be involved in the changes of 
growth rate and/or differentiations. 

Agents which produce cancer also produce 
changes in germ plasm. There was general 
agreement on this. 

Where appropriate genetic material is used, 
changes in the cytoplasmic bodies were found 
to be under the control of the nucleus. 

It was also generally accepted that specific 
genes are related to the induction, experimen- 
tally, of specific types of cancer. 

It was also agreed that appropriate tests 
rieed to be made on mice to show whether or 
not agents that are carcinogenic (cancer pro- 
ducing) in mice are also mutagenic. 

A second round table, “Hormones and Can- 
cer Research,” had for its chairman Dr. H. B. 
Andervont, Senior Biologist at the National 
Cancer Institute and member of the Board of 
Jackson Laboratory. * * * In this discussion 
there was general agreement that hormones 
are a fundamental problem in cancer research 
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V-FORMATION HEIFERS 


Figure 9 


Born May 7, 1945, weighing 115 pounds, these calves were called “V-Day Twins” and re- 
ceived world-wide publicity in Stars and Stripes. They were joined from the shoulders with one 
neck shorter than the other and had a two-inch long piece of hide on top of the head. Other- 
wise, they were a beautiful pair and large enough so one would think they were a month old. 
They died in a short time, having been battered around in birth operation during which their 
mother, a large 14-year-old Holstein, also died. The organs were perfect in both bodies.— 
William A. Howard Route 2, Plattsburg, New York. 


and that endocrines are definitely associated 
with cancer origin, experimentally, having 
something to do with the therapy of cancer as 
well as its prevention. * * * 

The third round table, “Social Behavior and 
Psychosomatic Research,” centering around 
new experiments now in progress at Hamil- 
ton Station, had for its chairman Dr. James 
R. Angell, President Emeritus, Yale Univer- 
sity and the President of the Board of Trus- 
tees at Jackson Laboratory. * * * Dr. Fuller 
opened the program by observing that the 
work at Hamilton Station is rather unique in 
that the approach is the study of individual 


differences rather than the more usual method 
of analyzing common and uniform factors. 
Dr. O. H. Mowrer of Harvard University 
told of his experiments with teaching birds to 
talk and pointed out that one had to develop 
a sort of parent-child relationship with them; 
that the bird had to be taught to love the ex- 
perimenter before he would be willing to talk. 
Dr. Mowrer’s opinion was that the same sort 
of socialization process must take place in 
dogs removed from their mothers and sug- 
gested that it is very important to study the 
life history and socialization process in puppies 
which are put through the “School for Dogs.” 
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BLASTOPHTHORIC LEAD POISONING—? . 


Throughout the years, we receive many inquiries regarding human genetics. 
Mostly these are concerned with the dangers of cousin marriages, the likelihood of 
inheritance of vaguely defined traits attributed to some remote ancestor or collateral 
relative, or to a question regarding sterility of twins. Usually the questions. are 
routine, and can be answered by references to the literature or to a specialist in the 
field involved in the question. Recently a letter was received which called attention 
to an unusual affliction shared by three children whose father, a plumber, had 
been heavily exposed to lead for many years. All three children display a remark- 
able syndrome of symptoms. No other similar cases appear in the pedigree, which, 
as the correspondent points out, is unusual because of the number of individuals in 
the direct and collateral branches. Furthermore, the correspondent showed an 
unusual insight into the problem she was faced with and a laudable desire to put 
her tragic experience into the record in the hope that from it might come knowledge 
that will save others from a similar disaster. 

The letter was so unusual and so challenging that with the writer’s permission 
a copy was sent to Dr. Laurence H. Snyder and Dr. Paul David for comment and 
suggestions. Excerpts from the correspondence and the commentary is presented 
herewith in the hope that additional information may be elicited and research stimu- 
lated which might prevent other similar tragedies. As the commentators point out, 
the problem of possible germ plasm injury has received a good deal of attention in 
the past. Auerbach’s proof that chemically induced mutations are definitely a pos- 
sibility may reopen a question which has as yet been settled by ignore-ance rather 


than by research.—Eb. 


Excerpts from the correspondence 
follow: 

We are the parents of two girls, 
twelve and ten, and a boy, seven, who 
are all mentally retarded (about 50 per 
cent normal). The boy had club feet, 
all had one or two “hammer-fingers” on 
each hand, and all inclined to clumsi- 
ness. In our humble way, we have spared 
no expense to try to remedy their. condi- 
tion. The fact that all are so much 
alike, and the lack of such history for at 
least four known generations of both 
families would seem to rule out heredity. 
None of the children show any skull in- 
jury, spasticity, endocrine deficiency, 
venereal disease, nor could the Rh factor 
have been responsible. 

Some months ago I visited a new per- 
sonal physician, a gynecologist, and while 
discussing the children’s condition he 
speculated on the possibility that the 
germ cell might have been damaged as 
a result of my husband’s occupation, 
plumbing. When he posed the question 
of possible lead poisoning I was sur- 
prised because strangely, I myself had 
wondered about this possibility some 


years ago, yet the little material avail- 
able at our library only described the 
acute form, with wrist drop and convul- 
sions, and I could see no connection. 
However, I determined to become more 
informed and have spent many months, 
as often as I could, at the larger libraries 
and have found that lead poisoning in 
the chronic stage is often overlooked. 
Furthermore, my husband in addition 
to a severe attack, which at the time was 
diagnosed as peptic ulcer, has had a 
variety of conditions that might be at- 
tributed to poisoning. His contact with 
lead (fumes) started before our mar- 
riage and continued until about five 
years ago. During this time he took 
various Civil Service examinations, each 
requiring aptitude tests including lead- 
wiping. Prior to each of these tests, he 
practiced for weeks in the evening in 
close quarters, to improve his skill. The 
opportunity for poisoning was great at 
the time, yet since his present work in- 
volves very little lead work, there is no 
likelihood for us to prove the condition 
had existed. I also found considerable 
evidence in older documents reporting 
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the effect of maternal and paternal lead 
poisoning on the offspring, although 
little if any work in this field seems to 
be reported in this country. I under- 
stand that these old records are not ac- 
ceptable due to the possibility of con- 
fusing the results with the effects of 
venereal disease and the lack of proper 
tests at the time. However, it seems 
this evidence is so widespread, includ- 
ing England, France, Italy, and Ger- 
many, and so impressive that I feel, 
granting the defects in method, and de- 
ficiencies in data, a residue of doubt re- 
mains that some of these children may 
have been injured by parental lead poi- 
soning. 

Of course, at the time of this re- 
search medical science had no means of 
combatting such possible damage, but I 
hope that perhaps recent advances could 
be applied to meet the situation, particu- 
larly if it could be determined that cer- 
tain parts of the germ cell might be more 
susceptible to lead than other parts, and 
perhaps treatment devised to help coun- 
teract at least some of the damage, par- 
ticularly to the organs usually first af- 
fected in true lead poisoning. 

I know this is a large order and pri- 
marily of my own personal problem 
which would hardly justify any exten- 
sive research. Yet I have heard on good 
authority that in recent years there has 
been an increase of children in this cate- 
gory, and I wonder whether some might 
not be attributed to modern industrial 
toxicity. Furthermore, inasmuch as all 
these children are potential public 
charges, steps must be taken to improve 
their condition and if possible prevent 
further increase. Today, prospective 
mothers are compelled to have Wasser- 
mans to spare their children the damage 
from disease, yet possibly just as many 
others are the innocent victims of other 
deleterious factors that could and must 
be prevented. It might be reasonable to 
suspect this to be true in view of the 
continuous increase despite these pre- 
cautions. 

I hope you can visualize our heartache 
to see all of our children so similarly 
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afflicted, and sincerely hope you may 
succeed in stimulating interest in this 
problem by eminent men of science 
which, for all we know, might offer hope 
to untold thousands of children who 
might have suffered as a result of simi- 
lar circumstances. 

You mentioned in your letter a fact 
of which I have been previously aware, 
that the lack of history in several gen- 
erations does not preclude heredity. I 
can readily understand this to be true, 
particularly in the average family which 
is generally limited. However, both of 
our families are so prolific I feel you 
may find it interesting, perhaps signifi- 
cant : 

My paternal grandfather was one of 18 

children; 


My paternal grandmother was one of 5 
children; 

My maternal grandfather was one of 16 
children; 

My maternal grandmother was one of 14 
children; 


My father. was one of 10 children; 

My mother was one of 5 children. 

(My mother’s sister and first cousin 
married and had 4 children, and there 
are two grandchildren at present. They 
are less than 2 years, yet seem faster and 
brighter than average children). 

My husband’s father is deceased and 
his mother came to this country over 
fifty years ago, as a girl. She has there- 
fore lost contact with most of her fore- 
bears and cannot supply me with the 
number in each family, though they were 
large, being of farm peasant stock. 

His father was one of 9 children; 

His mother was one of 11 children. 

He has three sisters, six nieces and 
nephews and there are two great grand- 
children. 

I also know very many offspring from 
branches in both families, (they must 
number well over 100) yet without at- 
tempting to conceal, I can truly say I 
have never heard of the slightest physi- 
cal or mental defect, though I have in- 
quired from many. 

I am most anxious to learn the opin- 
ions of your associates with reference to 
this proposition and hope desperately 
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that through their endeavors, a means 
may be achieved which might in some 
way ameliorate the condition. 


Unfortunately, my study of heredity 
was extremely limited, being included in 
a short course in psychology and there- 
fore I realize that undoubtedly some of 
my reasoning is entirely erroneous, 
which would be quite obvious to men of 
your position. I note that Doctors 
David and Synder refer to a bit of wish- 
ful thinking of mine in which I expressed 
the hope that perhaps it could be deter- 
mined that certain susceptible parts of 
the germ cell might have been damaged 
and thereby suggest some means of 
treatment. It is probably true that I 
phrased this idea awkwardly so I would 
like to enlarge upon it, knowing you will 
recognize its merits, if any. 

Long before this suggestion was made 
to me, I clipped a newspaper article* by 
Dr. Herman Bundesen, which discussed 
the neurological effects of pernicious 
anemia. I saved the article because 
I was so impressed by the seeming 
parallel to the children’s condition. I 
am enclosing this clipping with some 
personal notations in an attempt to show 
the comparison. Later, during my read- 
ing on lead poisoning, I noticed that Dr. 
Alice Hamilton quoted the opinion of 
several authorities on the subject that 
the neurological damage might be more 
a result of the almost invariable liver 
damage, rather than directly from the 
lead. There also seems to be a belief 
that some individuals are more suscep- 
tible to lead than others and this ten- 
dency is hereditary. It would seem Drs. 
Snyder and David make this contention 
in their reference to the lead experi- 
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ments made with a pure strain of guinea 
pigs. 

I believe it is already recognized that 
lead poisoning can produce sterility, yet 
in a case where the amount is insufficient 
to produce this condition, do you think 
that the lead present within the germ 
cell might be sufficient to cause actual 
lead poisoning to the offspring (espe- 
cially one that might inherit sensitivity to 
it) at the time of conception, producing 
damage to the vital organs similar to 
true lead poisoning? In other words, I 
wonder whether following conception 
the liver might have been deficient in its 
function, causing prenatal neurological 
underdevelopment or damage? Perhaps 
with growth nature has been able to re- 
store most of this liver damage, yet with- 
out additional stimulation (possibly some 
constituent of the liver) is unable to go 
beyond normal body requirements and 
cannot improve the neurological lack. 

In my search for scientific histories 
of lead damage to the offspring, I found 
a paper by Dr. Gilbert Dalldorf, “Im- 
pairment of reproduction of rats by in- 
gestion of lead,” in Science—December 
29, 1945. This condition was brought 
about accidentally, and naturally in- 
volved both parents. The offspring were 
small and sickly, with a high death rate. 
They were prone to a certain type of 
pneumonia and post mortem examina- 
tion revealed lead deposits in the kid- 
neys. The surviving animals were fed a 
Shermann diet over a period of time 
and subsequent comparative examina- 
tions showed general improvement. With 
this in mind, I cannot help feeling that 
perhaps we may still look with hope 
for an eventual means of improving con- 
ditions. 


*A newspaper clipping regarding pernicious anemia is annotated as follows: I am aware 
that neurological conditions arise from a variety of causes, yet this description (the clipping’s) 
would seem to be all-inclusive. Blood examinations of the children reveal no abnormal cells, 
although the oldest had a 50 per cent hemoglobin test count at age three, when the first test was 
made. Club feet, hammer fingers, speech impairment, clumsiness, defective eye focus. The second 
girl picks her skin with consequent continuous abrasions of the skin. The two older children, 
when sitting, have an increasingly noticeable bulge in the small of the back, which normally 


curves in. They all suffer frequently from a syndrome of sprue-like symptoms. 


The writer 


emphasizes that pernicious anemia, acting through the liver, apparently influences mental charac- 


teristics. 


COMMENTS BY DR. LAURENCE SNYDER AND 
DR. PAUL DAVID 


We find the letter extraordinarily im- 
pressive, not merely for its pathos, but 
because it seems to reflect a rather re- 
markable degree of scientific acumen, as 
well as an extensive background of 
study. The defects in her children could 
of course have been produced by a re- 
cessive gene, and Cook was obviously 
sound in pointing out that the absence 
of defect in the ancestry does not argue 
against this possibility. It is equally 
obvious, however, that for defects found 
in any given sibship, it is altogether im- 
possible even to guess at the likelihood 
that genetic segregation is responsible, 
except in the case of a very clearly de- 
fined condition for which adequate un- 
selected familial data are available to 
establish the frequency with which sim- 
ple Mendelian determination is involved. 
On the other hand, we think that pos- 


sible germinal damage, consequent upon 
lead poisoning of the father, whether it 
be mutagenic action, blastophthoria, or 
whatnot, cannot be ruled out in our pres- 


ent state of knowledge. Much of our 
opinion on these matters rest, we think, 
upon Weismann’s notions regarding the 
inviolability of the germplasm, and 
(negatively) upon the uncritical nature 
of many of the earlier data that were 
adduced in support of contrary views— 
lamarckianism, parallel induction, etc. 
The negative results of such carefully 
controlled experimental studies as those 
by Colin 1931, involving a comparison 
of the descendants of lead-poisoned male 
guinea pigs with those from untreated 
animals of the same closely inbred strains 
(J. Exp. Zool. 60:427-483) have tended 
to consolidate the theoretically based 
skepticism. 

In more recent years, mutagenic ac- 
tion of chemical agents has been demon- 
strated (mustard gas—Auerbach, et al.), 
and confirmation has been reported of 
the long-repudiated Guyer and Smith 
findings on “parallel induction” (see 
Beadle’s discussion in Chemical Reviews 
37 :15-96. 1945). These developments 


suggest that many of the questions often 
regarded as settled may well merit re- 
examination. In particular, it should be 
noted that the very use of genetically 
homogeneous material in experiments of 
the kind reported by Colin, while it per- 
mits maximal precision in the compari- 
son of experimental and control groups, 
at the same time sharply circumscribes 
the generality of the conclusions which 
may be drawn. Thus, it may be regard- 
ed as reasonably well established, for the 
two inbred strains with which Colin 
worked, that lead-poisoning of the males 
does not produce germinal damage to 
any striking degree; but it would be 
risky to infer that this is necessarily 
true for guinea pigs of all genotypes, or 
even of the most commonly encountered 
genotypes. A fortiori, one should hesi- 
tate to assume that conclusions from 
these data are applicable to other species. 
Manifestly, before drawing conclusions 
with regard to man, it would be desir- 
able to have data more critical than any 
which appear currently to be available 
on the incidence of mental and physical 
defectives among the progeny of men 
who are by occupation exposed to, or 
have actually acquired, heavy-metal 
poisoning, as compared with carefully 
selected controls. The control group 
might best consist of the children of 
brothers of the exposed men, in order 
to permit comparisons in which possible 
disturbing effects of both genetic and 
socio-economic factors would be mini- 
mized. 

We have a very strong feeling that 
this letter deserves some publicity, both 
because of the evident amount of careful 
thinking that lies behind it, and because 
it does call attention to a problem which, 
although it has received a good deal of 
attention in the past, has, it seems to us, 
been more or less shoved into the back- 
ground in the past couple of decades 
without ever having been critically 
settled. 
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